Dear Editor,

We read with interest the work by Bermejo-Martin et al. [@bib0001] underlining the role of lymphopenia as a predictive marker of severe COVID-19 pneumonia. In an epidemic setting biomarkers can be useful at both patient level and for adequate resources allocation.

The gold standard for COVID-19 diagnosis relies on SARS-CoV-2 RNA detection by reverse transcription polymerase chain reaction (RT-PCR) through nasal and oropharyngeal swabs (despite suboptimal sensitivity, with the proportion of false negative results ranging from 56 to 83% [@bib0002]). Through this observational, cross-sectional study from a large Italian teaching hospital, we aimed to derive a diagnostic score to rapidly identify the possibility of being affected by COVID-19 at hospital admission, thus limiting the use of second-level diagnostic tests or a second swab.

Randomly selected, adult (≥18 years-old) patients coming to first aid with symptoms consistent with COVID-19 were considered for this analysis. The diagnosis relied on the results of RT-PCR on nasopharyngeal/oropharyngeal swabs, as recommended by International guidelines \[[@bib0003],[@bib0004]\]. For most patients with initial negative swab, testing was repeated at least after 24 hours to definitely exclude the diagnosis.

The derivation cohort consisted in patients arrived at first aid between the 1^st^ and the 15^th^ of March 2020 (corresponding to the beginning of the epidemic in our hospital). The validation cohort included patients who came to first aid between the 21^st^ and the 15^th^ of April (i.e. at least after 14 days since national lockdown measures were declared by Italian government). Factors associated with a positive swab for SARS-CoV-2 (at a p-value≤0.05) were identified through a backward step-wise logistic regression. The multivariable regression model was then transformed into a point-based rule, as described by Sullivan et al.[@bib0005]. The discriminatory power and calibration of the prediction rule in the derivation and validation cohorts were assessed by the area under the receiver-operator characteristic curve (ROC AUC) and the Hosmer-Lemeshow test, respectively.

Data from 194 patients were analysed, 103 (53.4%) of whom in the derivation set and 91 (46.6%) in the validation set.

Fifty persons (48.5%) in the derivation set tested positive for SARS-CoV-2. Patients with negative swabs had other bacterial or viral infections (35 cases, 66.0%), cardiovascular and gastroenteric diseases (2 cases each, 7.6%), neoplasia (4, 7.6%), other/unspecified conditions (10, 18.8%). The derivation cohort was mainly composed of men (58.3%), with 53 years of median age (interquartile range, IQR, 38-70). Forty-one patients (39.8%) had at least one comorbidity among cardiovascular disease, hypertension, diabetes, active cancer and COPD. Fifty-two patients reported a possible contact with a case of COVID-19. At admission, the most frequent symptoms were represented by fever (88.3% of cases), cough (57.3%) and dyspnoea (35.9%). Twenty-three of 99 (23.2%) patients with a chest-X ray had interstitial pneumonia.

Five variables independently predicted COVID-19 diagnosis: the presence of an epidemiological link (aOR 10.35, p=0.001), total white blood cell count (per 100 cells/µL more, aOR 0.96, p=0.001), a CRP level\<5 mL/min (versus ≥5 mL/min, aOR 0.07, p=0.002), the presence of the triad fever, cough and dyspnoea (versus the absence, aOR 10.02, p=0.012), time since symptoms onset (per 1 day more, aOR 1.33, p=0.001).

The validation group (90 persons) included 30 persons (33.3%) with a positive swab. Alternative diagnosis in patients without COVID-19 were: other viral or bacterial infections (30 of 60, 50.0%), cardiovascular disease (6, 10.0%), gastroenteric disease (8, 13.3%), neoplasia (9, 15.0%), other/unspecified conditions (7, 11.7%).

Overall, the validation group was mainly composed by men (57.8%), with 73 years of median age. Sixty-three patients (70.0%) had at least one comorbidity. Most of them also presented with fever (75.6%), cough (37.8%) and dyspnoea (55.6%). Compared with patients in the validation group, COVID-19 positive patients in derivation group were younger (60 versus 70 years of median age), had less frequently interstitial pneumonia at chest X-ray (38.0% versus 66.7%), more frequently fever (98.0% versus 86.7%) and cough (68.0% versus 40.0%) at admission, and lower median platelets count (169 versus 229 × 10^5^ cells/µL).
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In the derivation group the ROC AUC for this model was 0.89 (95% CI 0.83-0.96) indicating excellent discriminatory power. Result of the Hosmer-Lemeshow chi-squared testing (χ2 13.50, p=0.334) also indicated good calibration. A cut-off of ≥-3 showed the highest negative predictive value (100%), whereas a cut-off of ≥5 exhibited the highest positive predictive value (100%).

When applied to the validation set, the predictive score demonstrated good predictive power, with a ROC AUC of 0.83 (95% CI 0.74-0.92), and a good calibration (Hosmer-Lemeshow χ2 7.58, p=0.476). A score cut-off of ≥-3 exhibited the highest negative predictive value (100%) and a cut-off of ≥3 had the highest positive predictive value (72.7%). [Fig. 1](#fig0001){ref-type="fig"} compares the score ROC AUC in both derivation and validation sets.Fig. 1Receiver-operator characteristic curves (ROC AUC) for the scoring system in the derivation and validation set.Fig 1

As noticed by Bermejo-Martin et al. [@bib0001], biomarkers are urgently requested for correct categorization of patients with COVID-19. Several evidences showed that lymphopenia could have a prognostic value in COVID-19 [@bib0001], in addition to its diagnostic value, already recognized in Chinese guidelines [@bib0006]. Interestingly, in our work total white cells count was more associated with a diagnosis of COVID-19 than lymphocytes count. This could be related with an overall low severity spectrum of disease shown by our patients (only a half of COVID-19 patients had interstitial pneumonia at admission). CRP, epidemiological link, clinical symptoms and time since symptoms onset were also associated with the pre-test probability of COVID-19. Particularly, the derived prediction-rule showed higher utility in ruling-out COVID-19 diagnosis: in the derivation and validation groups only 1 of 21 (4.8%) and 2 of 29 (6.9%) patients with a score of less than -1 tested positive for SARS-CoV-2. Despite its intrinsic limitations (retrospective data collection, derivation and validation cohorts belonging to the same hospital), our works represents to our knowledge the first attempt to measure the impact of an easily-available score for stratifying the risk of COVID-19. This could represent an important tool for assisting clinicians as well for driving hospital policies of infection control, particularly in resource-limited settings.
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